is an extracellular matrix glycoprotein that may serve an important role in epithelial-mesenchymal transition. Recent studies have demonstrated that SPARC status is a prognostic indicator in various cancer types; however, its value remains unclear in gastric cancer (GC). In the present study, the localization and prognostic impact of SPARC expression were evaluated in patients with GC. Immunohistochemical analysis of SPARC expression was performed in 117 surgically resected GC specimens, and the localization of SPARC positive cells, as well as the rassociation between SPARC expression and clinicopathological characteristics were evaluated. High SPARC expression was observed in 47 cases; the glycoprotein was localized in the peritumoral fibroblasts, but was rarely observed in the cytoplasm of cancer cells. Heterogeneity of SPARC expression was observed in 52 cases. High stromal SPARC expression was identified to be an independent predictor of more favorable prognosis (overall survival and recurrence free survival) in all patients (P<0.001). On subgroup analysis, this association remained significant in patients who received adjuvant chemotherapy, but not in patients who did not (P<0.001). Stromal SPARC expression predicts better prognosis in GC patients who underwent curative resection; this appears to be associated with improved response to chemotherapy.
Introduction
Gastric cancer (GC) is the fourth most common cancer worldwide and the second leading cause of cancer-related death (1) . Surgical resection and adjuvant chemotherapy is the most recommended treatment for advanced GC; however, recurrence rates remain high (2) . Therefore, identifying biomarkers that predict prognosis and response to chemotherapy in patients with GC remains a high priority. Secreted protein acidic and rich in cysteine (SPARC) is an extracellular matrix (ECM) glycoprotein and plays essential roles in normal tissue remodeling and wound repair (3) . In cancerous tissue, SPARC has been associated with epithelial-mesenchymal transition (EMT) through mediating interactions with different ECM components and growth factors, as well as regulating the properties of invasion and metastasis (4) (5) (6) (7) .
Many studies have reported that SPARC is expressed in various types of cancers; however, the relationship between its expression pattern and disease prognosis is still under investigation. Some studies concluded that overexpression of SPARC is associated with disease progression and poor prognosis in biliary tract cancer, esophageal squamous cell cancer, pancreatic cancer, head and neck cancer, and breast cancer (8) (9) (10) (11) (12) ; however, others reported that overexpression of SPARC is associated with better prognosis in colorectal cancer (13) . In GC, it remains unclear whether or not overexpression of SPARC is associated with better prognosis. Recently, SPARC localization was reported to be a key factor when assessing the relationship between SPARC expression and prognosis in various cancers (8, 14) . Furthermore, a relationship between SPARC expression and chemosensitivity has been reported (8, (14) (15) (16) (17) localization are still undetermined ;moreover, few studies have assessed the relationship between the localization of SPARC positive cells and prognosis in terms of chemosensitivity. In this study, we examined the localization of SPARC in GC cells and investigated the relationship between SPARC expression and prognosis in GC patients who underwent curative resection. We further compared prognosis in patients who received adjuvant chemotherapy vs. those who did not. (19) and Zhang et al (20) was chosen because it was least prone to nonspecific staining.
Materials and methods

GC
To determine the cells that express SPARC in GC, we performed IHC using large tissue sections that contained both noncancerous and cancerous tissues. We examined the expression of SPARC in non-neoplastic gastric tissues, in the cytoplasm of the primary cancer cells, and in the stromal cells surrounding the cancer cells. Resected specimens were cut into 4-µm slices and deparaffinized using routine techniques. Antigen retrieval was performed in 10 mM sodium citrate buffer (pH 6.0) heated at 95˚C in a steamer for 20 min. After blocking endogenous peroxidase activity with a 3% aqueous H 2 O 2 solution for 5 min, the sections were incubated with serum-free protein block (Dako, Carpinteria, CA, USA) for 10 min and the sections were incubated with an anti-SPARC monoclonal antibody (AON-5031) at a final concentration of 0.1 mg/ml for 60 min. Labeling was detected with the Envision Plus Detection kit (DAKO) following the manufacturer's protocol, and the staining was visualized by incubating with DAB for 5 min followed by counterstaining with hematoxylin. Sections of human placenta were used as positive controls; for negative controls, the primary antibody was substituted with non-immunized immunoglobulin G (Vector Laboratories Inc. Burlingame, CA, USA).
Evaluation of SPARC expression. Staining was analyzed by 2 certified pathologists of Japan blinded to any knowledge of the clinicopathological parameters. SPARC-positive cells were located only in the peritumoral stroma; therefore, we further evaluated the various components of the cancerous lesion (Fig. 1) . The IHC for SPARC was scored and categorized as previously reported by Zhao et al (19) ; briefly, the proportions of cells with SPARC expression were rated as follows: 0, ≤5% positive cells; 1, 6-25% positive cells; 2, 26-50% positive cells; and 3, ≥51% positive cells. The intensity of staining varied from weak to strong and was classified on a scale of 0 (no staining); 1 (weak staining, light yellow); 2 (moderate staining, yellowish brown), and 3 (strong staining, brown). The staining index (SI) was calculated as the product of the staining intensity score and the proportion of positive cells; we obtained SI scores of 0, 1, 2, 3, 4, 6 or 9. An SI score ≥4 was defined as high SPARC expression, while a score ≤3 was defined as low SPARC expression. The heterogeneity of SPARC expression was defined as previously reported by Lee et al (21) . Briefly, samples with >5% and ≤50% stromal cells with a SPARC IHC intensity of 2 or 3 were considered to be heterogeneous, whereas the others were considered to be homogeneous SPARC expression in the large section. Statistical analysis. All data were expressed as medians with interquartile ranges. Baseline patient characteristics were compared by using the Wilcoxon-Mann-Whitney test for continuous variables and Fisher's exact test for non-continuous variables. Overall survival (OS) and recurrence free survival (RFS) rates were analyzed using the Kaplan-Meier method with log-rank tests. The independent significance of each factor was determined by the Cox proportional hazards model, following inclusion of prognostic variables showing a significant P-value on univariate analysis. On multivariate analyses of all patients, all variables (differentiation, pT stage, pN stage, vascular invasion, UICC stage, adjuvant chemotherapy, and stromal SPARC expression) were included to predict significant risk factors for OS, RFS, and invasion to vascular systems.
To adjust for significant differences in the baseline characteristics of patients, propensity score matching was used. Propensity scores were calculated accounting for all factors significantly associated with the staining index through a logistic regression model based on the following 9 covariates: Age, sex, differentiation, depth of wall invasion, invasion into the venous system, invasion into the lymphatic system, nodal status, TNM stages, and adjuvant chemotherapy. Propensity scores represented the likelihood of a patient expressing high SPARC relative to low SPARC; patients of these 2 groups were then paired 1:1 based on propensity scores using the 'greedy' nearest neighbor matching algorithm without replacement. A caliper size of 0.2xlog (standard deviation of the propensity score) was utilized. Standardized differences were estimated before and after matching to evaluate the balance of covariates. Following 1:1 propensity score matching, OS and RFS between the matched 2 groups were examined by Kaplan-Meier estimates using the log rank test.
In general, all statistical analyses were 2-tailed, and P<0.05 was considered to indicate a statistically significant difference.. All statistical analyses were performed with JMP Pro 11.0 software (SAS Institute, Cary, NC, USA).
Results
SPARC expression and localization in the resected GC
specimens. Fig. 1 shows SPARC expression in GC and normal gastric tissues. In normal tissues, SPARC staining was observed in the nerve bundle and endothelial cells; however, SPARC staining was rare in the gastric mucosa and stromal cells. In cancer tissues, SPARC was observed in the cytoplasm of fibroblasts surrounding the cancer cells, but was rare in the cytoplasm of cancer cells themselves.
In certain SPARC-positive sections, cancer cells were surrounded by anti-α-SMA antibody-stained fibroblasts that were strongly positive for SPARC. Fig. 2 shows SPARC and α-SMA expression using the double staining method. α-SMA strong-positive fibroblasts were localized to peritumoral cells; these cells expressed SPARC more intensely than α-SMA negative fibroblasts.
Intensity and heterogeneity of SPARC expression of the resected GC specimens. Among the 117 patients we evaluated, the number Figure 2 . Immunohistochemistry of (A) SPARC (magnification, x10) and (B ) α-SMA (magnification, x10) using (C) the double staining method (magnification, x10). α-SMA-positive fibroblasts are localized in peritumoral cells, and express SPARC more intensely than α-SMA-negative fibroblasts. SPARC, secreted protein acidic and rich in cysteine; α-SMA, α-smooth muscle actin. of cases with SPARC SI scores of 0, 1, 2, 3, 4, 6, and 9 were 24, 9, 21, 16, 11, 29, and 7, respectively. High SPARC expression (SI ≥4) was observed in 47 cases (40%). Fig. 3 shows examples of stromal SPARC expression with SI scores of 0, 4, and 9, respectively. Heterogeneity of staining was observed in 52 cases (44%), among which 23 showed high SPARC expression. Fig. 4 shows a representative case of heterogeneous SPARC expression.
Relationship between stromal SPARC expression and clinicopathological factors of cohorts before and after propensity score matching. The patients' characteristics are summarized in Table I . All patients underwent R0 resection, and 76 (66%) had pathological lymph node metastases. Seventy-three patients received adjuvant chemotherapy (60%), including 49 with S-1, 20 with tegafur-uracil, and 24 with paclitaxel (22 patients received more than 1 regimen). Age and histology were significantly different between the high-and low-SPARC groups before propensity matching; however, 36 couples were matched after propensity score-matched analysis, and all their variables were balanced (Table I) .
Relationship between SPARC expression and survival after surgery. The 5-year OS rate was 87% (95% confidence interval (CI), 73-94%) in the high SPARC group, and 62% (95% CI, 50-71%) in the low SPARC group. The hazard ratio (HR) for death in the high SPARC group compared to the low SPARC group was 0.294 (95% CI, 0.109-0.666, log-rank P=0.004) (Fig. 5) . The 5-year RFS rate was 87% (95% CI, 74-97%) in the high SPARC group, and 59% (95% CI, 47-70%) in the low SPARC group. The HR for recurrence in the high SPARC group compared to the low SPARC low group was 0.305 (95% CI, 0.113-0.689, log-rank P=0.004) (Fig. 5) . There was no relationship between the heterogeneity of the SPARC expression and prognosis .  Tables II and III show the univariate and multivariate analyses of OS and RFS, respectively, using Cox regression. Univariate analysis revealed that low stromal SPARC expression, UICC stage, invasion into the lymphatic system, invasion into the venous system, and the depth of wall invasion were associated with poor prognosis. Multivariate logistic regression analysis demonstrated that only low stromal SPARC expression remained a poor prognostic factor for OS (HR, 3.884; 95% CI, 1.691-10.514, P=0.0009); furthermore, low stromal SPARC expression and invasion into the lymphatic system were poor prognostic factors for RFS independent of other clinicopathological factors. Multivariate logistic regression analysis revealed that high SPARC expression had no Table I . Clinicopathological characterristics of study group and association with SPARC expression before and after propensity matching. Chemotherapy sensitivity and SPARC expression. Among the 117 patients who underwent R0 surgery, 73 patients (62%) received adjuvant chemotherapy. Metastatic lymph nodes, higher TNM stage, deeper wall invasion, and venous and lymphatic invasion were more common in patients treated with adjuvant chemotherapy than in patients without adjuvant chemotherapy (P<0.05 respectively, data not shown); however, there was no difference in SI scores between the groups. Fig. 6 shows the relationship between SPARC expression and prognosis according to adjuvant chemotherapy. In patients who received adjuvant chemotherapy, better prognosis was observed in the high SPARC group (for OS: HR, 3.54; 95% CI, 1.34-12.2, P=0.0091; for RFS: HR, 4.09; 95% CI, 1.57-13.9, P= 0.0026). However, in patients without adjuvant chemotherapy, there was no relationship between prognosis and SPARC expression. Regarding the type of chemotherapy regimen, only in the patients with the taxane-containing chemotherapy regimen, there was significant difference about RFS between the two groups.
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Propensity score matching analysis. As previously mentioned, 36 couples were matched after propensity score-matched analysis. All of the baseline clinicopathological characteristics between the high and low SPARC groups were balanced, and OS and RFS remained longer in the high SPARC group (Fig. 5) .
Discussion
The present study revealed 3 important clinical findings. First, SPARC is expressed in the cytoplasm of fibroblasts (especially α-SMA-positive fibroblasts) surrounding the cancer cells; however, SPARC was rarely expressed in the cytoplasm of cancer cells themselves or in the stromal cells of normal tissue in GC patients. Second, high SPARC expression was observed in 40% of GC samples, and heterogeneity of SPARC expression was observed in 44%. Third, high stromal SPARC expression was found to be an independent prognostic factor for more favorable OS and RFS in GC patients who underwent curative resection; this relationship was significant in patients who received adjuvant chemotherapy.
Previously, various studies found that SPARC is upregulated in GC; however, there are discrepancies regarding the 
Univariate analysis
Multivariate analysis reported localization of SPARC in the stomach. Some papers reported a differential expression of SPARC, mainly in the cytoplasm of GC cells (19, 22, 23) ; whereas, others found that SPARC exists mainly in the stromal cells surroundings the GC cells (24) (25) (26) . These discrepancies may be attributed to the method of IHC (choice of primary antibody, antibody dilutions and staining protocols) and/or the selection of tissue specimens. We established a precise IHC method to determine SPARC levels in gastric tissue while reducing nonspecific staining, and demonstrated that SPARC is expressed in the fibroblasts surrounding the cancer cells. Previous studies in other cancer types (13, (24) (25) (26) are consistent with our results; this provides strong evidence that our methods are reliable. Moreover, SPARC was mainly expressed in α-SMA-positive peritumoral fibroblasts. A proportion of α-SMA-positive fibroblasts are reported to be cancer-associated fibroblasts derived from bone marrow (27) , signifying a possible relationship between these types of fibroblasts and SPARC; however, this requires further study. Although high stromal SPARC expression was a significant prognostic factor in patients who received adjuvant chemotherapy, no such relationship was observed in those without adjuvant chemotherapy. Our findings are inconsistent with those described in previous reports (19, (22) (23) (24) . This may be explained by the localization and heterogeneity of SPARC expression as they relate to chemosensitivity. Recent reports suggest that only stromal SPARC expression plays an important role in prognosis (8, 14) . Moreover, our study was the first to describe heterogeneity of SPARC expression, which in our case was found in 44% of our samples. Zhao et al (19) evaluated SPARC expression using tissue microarray sections, and reported that cases with high SPARC expression in tumoral and peritumoral cells showed poor prognosis; however, they never evaluated the heterogeneity and location of SPARC expression (24) . Therefore, it is very important to use large tissue sections to be able to assess the localization and heterogeneity of SPARC expression in the tumor milieu. To our knowledge, our study is the largest series that used large tissue sections to evaluate 'stromal' SPARC expression in GC patients. Moreover, our study is the first to use propensity-matched analysis for evaluating the relationship between SPARC expression and prognosis. Therefore, we propose that our study is more reliable compared to those previously reported. Hence, high SPARC expression in peritumoral fibroblasts is likely associated with better prognosis. The next challenge is to explain why SPARC affects prognosis. There are two possibilities; one is association with EMT and the other is chemosensitivity. Previous reports indicated that high SPARC expression is correlated with a lower potential for EMT in experimental models (4, 5, 28, 29) . Our study showed that high stromal SPARC expression was associated with better RFS for the first time; however, we could not demonstrate a relationship between the SPARC expression and vascular invasion by multivariate analysis. On the other hand, high stromal SPARC expression was found to be associated with better prognosis in patients with adjuvant chemotherapy but not in those without. Therefore, we hypothesized that SPARC improves prognosis because of an association with improved chemosensitivity. Previous studies reported the possibility of SPARC being associated with chemosensitivity in various cancers (8, (14) (15) (16) (17) 30) . As for GC, there was only 1 study that evaluated the relationship between SPARC expression and prognosis from the viewpoint of chemosensitivity (17); however, that study included patients with preoperative chemotherapy and evaluated the association between SPARC expression in cancer cells per se and OS. Our findings raise the possibility that stromal SPARC increases chemosensitivity in patients with GC. It has been reported that the antitumor activity of nab-paclitaxel, an albumin-bound paclitaxel, may be enhanced by binding to SPARC-positive stroma surrounding the cancer cells (14, (31) (32) (33) . Like nab-paclitaxel, other cytotoxic drugs may accumulate in the high SPARC-expressing stroma surroundings GC cells (17) . Further study is required to explore this notion and its associated mechanisms.
Our study is limited by the fact that it was small and retrospective. To overcome this limitation, prospective multicenter studies with standardized IHC methods are required to evaluate stromal SPARC expression using large tissue sections.
In conclusion, our study revealed that high stromal SPARC expression is an independent and favorable prognostic factor, in terms of OS and RFS, in GC patients who undergo curative resection. High SPARC expression may increase the tumor's sensitivity to adjuvant chemotherapy through accumulating the anti-cancer drugs in the SPARC positive fibroblasts surrounding the cancer cells. Hence, evaluating stromal SPARC expression may help develop individualized therapy in GC patients.
